AD733184

United States

Naval Postgraduate School

THESIS

CAI-BASIC
A Program to Teach the
Programming Language "BASIC"
by

Thomas Anthony Barry

ONAL TECHNICAL
mgmnou SERVICE

Thesis Advisor A.B. Roberts

Sentember 1971

Approved for public nelease; distribution unfimited.




~ Best
Available
Copy



‘_’

Security Classification

' R LINK A LINK ® LINR €
ROLE wY ROLE wT ROLE wY

Computer aided instruction

) Computer assisted instruction
Programmed instruction

e —

FO
D ] NORV‘.'i 4 73 (eAcr ) 122
S/N 0101-307-6821 Security Clasvificstion 131409




Secunty Classification

DOCUMENT CONTROL DATA-R&D )
(Security clessilication of title, body of abstract and indexing annotation mui’ be entered when the overall report i3 classifiec,
I ORIGINATING ACTIVITY /Corporete suthor) 28. REPORY SECURITY CLASSIFICATION
Naval Postgraduate School — I‘inlfssiﬁed
Monterey, California 93940
) REPORTY TITLE
CAI-BASIC
A program to Teach the Programming Language "BASIC"
¢ DESCRIPTIVE NOTES (Type of report and,inclusive detes)
Master's Thesis; September 1971
8. AU THORI(S) (First name, middle initisl, last name)
Thomas Anthony Barry
. REPORY DATE 7e. TOTAL NO. OF PAGES 75. NO. OF REPS
September 1971 10
8. CONTRACY OR GRANT NO. 98. ORIGINATOR'S REPORT NUMBER(S)
8. PROJEC T NO.
e. 0. ‘c;“v:c't.:o:'}-oar NOI(S) (Any other numbere tha! may be essigned
d
}uo. DISTRIBUTION STATEMENT
Approved for public release; distribution unlimited.
11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Naval Postgraduate School *
Monterey, California 93940

1§ ABsTmaACY

This paper presents a computer aided instruction program that fulfills the
objectives of teaching a simple programming language, interpreting student responses,
and executing and editing student programs. The CAI-BASIC program is written in
FORTRAN 1V, level G, and executes on IBM-2741 terminals while running under the
CP-67/CMS time sharing system on the U.S. Naval Postgraduate School's IBM-360/67
computer system. The instructional phase of CAI-BASIC presents the fundamentals
of "BASIC,' a simple user oriented language, in scven lessons. During the instruc-
tional sessions the student is presented material and, based on his response to ques-
tions, he is routed to the next sequence of instructions. The execution phase of CAI-
BASIC allows execution of '"BASIC" programs, and has an optional debug feature that
provides a tracc of program variables to aid the student in finding programming errors.
In the event of programming errors the user may enter an edit mode to correct mis-
takes in his program.,

S/H 0101-807-6011 Becurity Clessitication

A-31400

!

et



CAI-BASIC
A Program to Teach the

Programming Language '""BASIC"
by

Thomas Anthony Barry
Lieutenant, United States Navy
B.S., United States Naval Academy, 1965

Submitted in partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN COMPUTER SCIENCE
from the

NAVAL POSTGRADUATE SCHOOL
September 1971

Author /ﬂ\mqa/a. /’ GO/\/VV\

vV
Approved by: M %Zt

-, y

Chairman, Department of Mathematics

% //; ?/ // :/,fy (17

Academic Dean

B e



ABSTRACT

This paper presents a computer aided instruction program that fulfills
the objectives of teaching a simple programming language, interpreting student
responses, and executing and editing student programs. The CAI-BASIC
program is written in FORTRAN IV, level G, and executes on IBM- 2741
terminals while running under the CP-67/CMS time sharing system on the U, S.
Naval Postgraduate School's IBM-360/67 compt;ter system. The instructional
phase of CAI-BASIC presents the fundamentals of "BASIC," a simple user
oriented language, in seven lessons. During the instructional sessions the
student is presented material and, based on his response to questions, he is
routed to thc ncxt sequence of instructions. The execution phase of CAI-BASIC
allows execution of "BASIC" programs, and has an optional debug feature that
provides a trace of program variables to aid the student in finding programming
errors, In the event of programming errors the user may enter an edit mode

to correct mistakes in his program.
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I. INTRODUCTION

During the last few years many sophisticated projects in Computer
Assisted Instruction (CAI) have evolved. The potential of this area has captured
the imagination of researchers and the public at large. Yet the U.S. COMMIS-
SION ON INSTRUCTIONAL TECHNOLOGY (ref. 9) found that the status of instruc-
tional technology in American £ducation was low in both quantity and quality.
There are many reasons that CAI has not been :;ccepted with any marked degree
of enthusiasm by educators in general. The major reasons are the exorbitant

costs of individualized instruction and illusions over just what CAI is.

A, DEFINITION OF CAI

Computer Assisted Instruction is machine augmented instruction that
differs from Programmed Instruction or simple page turning machines in that
the computer system has logi. and memory capabilities to assist in the instruc-
tional process. The main advantage in CAI is that it can individualize education.,
A student can proceed at his own pace, spending more time on difficult material,

and quickly covering material which comes easy to him.

B. CAI DEVELOPMENTS
A. G, OETTINGER, in his bock RUN, COMPUTER, RUN (ref. 6) states
that educators and the computer industry are equally to blame for the failure of

CAI to realize its potential. Instructional technology has been force fed,




oversold, and prematurely applied; and as a result the educators are wary of
false promises, OETTINGER feels that colleges and universities will be an
effective proving ground for future educational technology. However, at the
present time, of the thousands of colleges and universities in the nation only
twenty- five are considered major CAI centersl

A common problem confronting the nation's colleges and universities is
that of providing instruction in elementary computer prog‘ramming.z The popu-
larity of the coraputer science field, and the range of application of computers
in everyday life means that the demand for people who know how to communi-
cate with computers is growing rapidly. The solution to the problemn is the
computer itself. '"Whatever the state of CAI with respect to other subjects,

the computer is the ideal instrument for teaching its own use,"3

W. R, SMITH and J. L. YOUNG, graduate students at the Naval Postgraduate
School, presented a proposal for the use of computer Assisted Instruction at the

Naval Postgraduate School (ref,10). As this introduction has done, they created

an awareness for the need of CAI, and they made specific recommendations to
provide a balanced program for the entire community to emulate. In particular

they recommended commencing student projects to probe the potentials of CAI

1. STOLUROW, L. M., "Computer Assisted Instruction," REPORT OF A
CONFERENCE, U.S. Department of HEW, p.49, 1969,

2. FENICHEL, R.R., WEIZENBAUM, J., AND YOCHELSON, J,C, "Program

to Teach Programming," COMMUNICATION OF THE ACM, v.13, p.141,
March 1970,

3. IBID. 'Y po 141-142.
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at the Naval Postraduate School.
It was with these ideas about using the computer to teach computer

programming and providing a CAI base at the Naval Postgraduate School that

CAI-BASIC was undertaken,

C. OBJECTIVES

The objective of CAI-BASIC was to develop a CAI program tb teach a
computer programming language on the Naval Postgraduate School's time-
sharing terminals. The programming languagé chosen was "BASIC" (Begin-
ners All-purpose Symbolic Instruction Code), a computer language developed
at Dartmouth College in the mid-1960's. '"BASIC' was selected because of its
simplicity yet fairly large range of application for the user who wants to take
advantage of computer processing. It was felt that "BASIC" would provide the
average non-computer oriented graduate student with satisfactory results in a

minimal amount of study time.

With this objective in mind three sub-goals were determined to be esseutial
for the CAI-BASIC project: to be able to interpret student responses, to be ablz

to execute "BASIC" programs in order to give the student sufficient programming

practice, and to be able to allow editing of "BASIC'" programs.
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II. DESCRIPTION OF CAI-BASIC

The CAI-BASIC program is written in FORTRAN IV, level G, and
executes on IBM-2741 terminals while running under CP-67/CMS Time Sharing
System on the Naval Postgraduate School's IBM-360/67 Computer System, The
"BASIC" language implemented in CAI-BASIC is standard non-extended "BASIC"
(refs. 3,5,10).

The CAI-BASIC program consists of two ;;hases; an instruction phase,
and an execution and editing phase. A detailed discussion of the use of CAI- q

BASIC is presented in APPENDIX A.

A. INSTRUCTION PHASE
The instruction phase presents fundamental concepts common to most
programming languages: identifiers, variables, iteration, branching, sub-

routines, built in functions, and recursion. The instruction set consists of

seven lesson modules which, for reasons of coherency, are dependent upon
each other. The underlying philosophy in preparing the lesson modules was
that an important idea should be presented only after a need for it has clearly
been established. g

Each lesson consists of instruction sequences followed by questions,

evaluation of student responses, routing to the next sequence of instruction,

4, FENICHEL, OP. CIT., p, 142,




and a summary of the lesson followed by questions and/or problems to program.
The student is a'lowed to progress through the lessons ai his own speed, and
allowed to review lessons or execute programs at the completion of each lesson.
Student responses are interpreted by one of two methods depending upon
the type of question asked. When the question is of the true-false, multiple
choice or give the answer type then the response is compared with a pre-stored
result. When the student is asked to reply with a "BASIC" statement or to
write a "BASIC" program, the CAI-BASIC compiler interprets the "BASIC"
statements for syntactic correctness. When the student writes a program he
can compare his answer with a pre-stored result, and if the answer is wrong

the student is shown a solution program,

B. EXECUTION PHASE

The heart of the exccution phase is the ""BASIC" compiler that is used
at the Naval Postgraduate School's Computer Center to execute "BASIC' pro-
grams in a batch mode. This compiler, written in FORTRAN 1V, level G, was

modified from a batch processing comyiler to a line-by-line interpreter and

incorporated into the CAI-BASIC program, and called the CAI-BASIC COMPILER.

The CAI-BASIC COMPILER has an added feature to aid students in debug-

ging programs on the terminal. The added feature is called a "DEBUG" tunction

and it produces a 1ist of numeric and alpha-numeric data that wae put into the

program; and, in addition it produces a trace of all simple variables as they are

assigned values during program execution.




At the completion of program execution or when an execution error .

occurs, the student has an option to enter the CAI-BASIC Edit mode to correct

his program one line at a time. When all editing is completed the program is

executed again,

et 3



I LIMITATIONS AND EXTENSIONS

The major limitation of CAI-BASIC is the absence of any supervision
over the student's progress as he proceeds through the instruction phase. A
possible extension to this project would be to add a supervisory routine to
maintain the student's progress and to keep a record of his errors. Thus,
having the student's progress level and error record, CAI-BASIC could be
taflored to instruct the student at his own learning level. In other words, CAI-
BASIC could be made into a more completely interactive teaching program
(refs. 1, 4).

An additional feature that would aid the student interaction is a communi-
cation link between the student and a professor 5o that student questions can be
answered. R.R. FENICHEL (refs. 1, 2) described how students enter a special
mode to type questions during 'the instruction session on the tcrminal. Then at
the beginning of the student's next instruction session, all of his previous
questions arc answered on the terminal., FENICHEL refers to this as the "mail-
box' system. Students type questions for the ''mailbox" and the professor replys
with answers or pertinent information for the '"naflbox. "

Another limitation to the existing CAI-BASIC program is the inability of
CAI-BASIC to monitor the student when he enters the execution phase to write
programs. The CAI-BASIC system does not oversee the student, beyond check-

ing for syntax errors in his program. There 18 no method of inspecting his

10




programs from a tiutorial point of view in order to help with semantic program-

ming errors.

A foreseeable development to bring CAI-BASIC into the Artificial Intelli-
gence field would be to make CAI-BASIC an "intelligent' tutor. This would
remove the present inflexibility of interpreting student responses with pre-
stored answers and open the possibility of CAI-BASIC understanding the logic

of student responses and student programs.
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IV. CONCLUSION !

As stated in the objectives, the goal of CAI-BASIC was to develop a

CAl program to teach a computer programming language on the Naval Post-
graduate School's terminal system. The technical aim of completing the pro-
ject and bringing it to an operating level has been met. However, an evaluation
of the practicality of the project is still in the speculative stage.

Several computer and non-computer orier;ted students have tried CAI-
BASIC and they found it to be both understandable and beneficial, but a full
scale evaluation of the effectiveness of CAI-BASIC as a teaching tool is not
possible from this limited sampling. It is sufficicnt to say that initial indications
are that CAI-BASIC cun provide a satisfactory means of lcarning a simplc but
capable programming language in a minimal amount of time. The student's
participation in the learning experience encourages him to teach himself and
to practice new programming skills, It is hoped that future use of CAI-BASIC
by students will demonstrate its practicality.

Although the scope of CAI-BASIC was not particulary broad, the results
obtained provide a basis for future CAI projects. The foundation has been laid,
and the limitations and extensions of the previous section suggest a direction
for future CAI efforts. Many previous CAI projects have suffered from too
many or too large a scope of objectives, and as a result they never realize any
practical results. This project has met its objectives and, hopefully, future

CAl projects will benefit from its results.
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APPENDIX A

In its present configuration the CAI-BASIC program occupies approxi-

mately ten cylinders of private disk space and requires an overlaying routine

to execute under the control of CP-67/CMS which 1imits users to a 175K virtual
machine. The overlaying routine, written by a Naval Postgraduate School Com-
puter Center system programmer, initally loads only lesson 1 when CAI-BASIC
is loaded into core. When any lesson other t.han lesson 1 is used, it is overlaid
onto lesson 1.

The overlaying routine allows students to log on to CP-67/CMS as general
users and to link into CAI-BASIC. This allows CAI-BASIC to be available to all
of the terminal stations. Thc user gains uccess to CAI-BASIC by logging on the

terminal as follows:

login yyyygxx (xx is the terminal nr.)
(yyyy is your user nr.) !
ENTER PASSWORD
npg
ENTER 4-DIGIT PROJECT NUMBER.... ETC.
0623cs04
READY AT (TIME) ON (DATE)
CcpP

link 0909p 191 192
ENTER PASSWORD
teach

SET TO READ ONLY

f cms

CMS, . VERSION 01/21/71
login 192 t,p

*+T (192) READ ONLY**
teach

13



Small print is typed in by the user, and the capitalized print is the computer
terminal response.

The CAI-BASIC program consists of two phases, an instruction phase
and an execution and editing phase. After logging on to the system, the user
enters the main routine, CAIBAS, which directs the general flow of CAI-BASIC.

If the user has not used CAI-BASIC before he enters the instruction phase,
he is presented with an introduction to CAI-BASIC, and then is sequentially
guided through the lessons. After cach lesson the user is given the opportunity
to terminate his session, to review a lesson, to enter the execution phase, or to
go on to the next lesson.

If the user has used CAI-BASIC before, he is given the opportunity to
review any lesson or to go to the next lesson in his learning sequence.

When the execution and editing routine, TESTI1, is cntered the user is
allowed to execute standard "BASIC'" programs (refs. 3,5,10). The Testl
routine incorporates the '""BASIC" compiler, COMPLR, which interprets
each "BASIC" input statement. Each "BASIC" statement is input one line at
a time; and, if a syntax error occurs on the input, COMPLR prints an error
message. The user can then input the correct "BASIC" statement. When the
"end" statement is input, the program is checked for global errors; and, if none
ocour, the program is executed.

When global errors or execution errors occur, the user is given the choice
of entering the edit mode of TEST1 to correct his program, or using the "DEBUG"
feature to find his programming errors.

The edit mode allows the user to delete, add to, or correct ""BASIC"

14




1
statements in his program one line at a time. The user is given a listing i
of his program with reference numbers for editing purposes. To edit a pro-
gram the user is first asked for the statement reference number, and then
asked for the specific edit command.

A statement is deleted by typing in the reference number of the statement
to be deleted, hitting the carriage return, and then typing in the command
"DEL, "

A statement is added 'after' the reference number typed in by typing in
the command "ADD1" followed by the ""BASIC" statement to be added. To add
a statement before the first statement in the program, the reference number
zero (0) is used.

A statement is corrected by typing in the reference number of the statc-
ment to be corrected, hitting carriage return, and then typing in the 'entire'

correct "BASIC" statement,

The "DEBUG" feature is designed to provide useful information to the
user who has encountered an execution error in his program. It is used by
adding the key word "DEBUG' as a statement in the user's program,

The "DEBUG" feature gives the user a list of all numeric and alpha-numeric
data that were used in the program; and, in addition, it produces a trace of all
simple variables with their values as they are assigned values during program

execution.

15
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